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Vascular endothelial growth factor expression correlates with matrix 
metalloproteinases MT1-MMP, MMP-2 and MMP-9 in human 
glioblastomas. 

Munaut C, Noel A , Hougrand O. FoidartJM. Bonjver J. Deprez M . 

Laboratory of Tumour and Development Biology, University of Liege, Liege, Belgium. 

Vascular endothelial growth factor (VEGF) is the major endothelial mitogen in central 
nervous system neoplasms and it is expressed in 64-95% of glioblastomas (GBMs) 
Tumour cells are the main source of VEGF in GBMs whereas VEGF receptors (VEGFR- 
1 its soluble form sVEGFR-1, VEGFR-2 and neuropilin-1) are expressed predominantly 
by endothelial cells. Infiltrating tumour cells and newly-formed capillaries progress 
through the extracellular matrix by local proteolysis involving matrix metalloproteinases 
(MMPs). Recent studies have shown that VEGF expression and bioavailability can be 
modulated by MMPs. We reported previously that the expression of MT1-MMP in 
human breast cancer cells was associated with an enhanced VEGF expression We used 
quantitative RT-PCR, Western blot, gelatin zymography and immunohistochemistry to 
study the expression of VEGF, VEGFR-1, VEGFR-2, sVEGFR-1, neuropilin-1 r MTl- 

' MMp - 2 . MMP-9 and TIMP-2 in 20 human GBMs and 5 normal brains. The 
expression of these MMPs was markedly increased in most GBMs with excellent 
con-elation between mRNA and protein levels; activated forms of MMP-2 and MMP-9 
were present in 8/18 and 7/1 8 of GBMs. A majority of GBMs (17/20) also expressed high 
levels of VEGF, as previously reported, with strong correlation between VEGF and MT1 - 
MMP gene expression levels, and double immunostaining showed that VEGF and MT1- 
MMP peptides co-localize in tumour and endothelial cells. Our results suggest that the 
interplay between metalloproteinases and VEGF previously described in experimental 
tumours may also be operative in human GBMs. Because of its dual ability to activate 
MMP-2 and to up-regulate VEGF, MT1 -MMP might be of central importance in the 
growth of GBMs and represent an interesting target for anti-cancer treatments. Copyright 
2003 Wiley-Liss, Inc. 
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MT1-MMP, MMP-2, MMP-9 and TTMP-2 in a series of 20 GBMs 
and 5 normal brains. Using quantitative RT-PCR,. gelatin zymog- 
raphy, Western blot and immunohistochemistry, we showed a 
strong correlation between the expression of VEGF, MT1-MMP, 
MMP-2 and MMP-9 in GBMs. These results are in accordance 
with previous in vitro studies and add to the evidence of an 
interplay between VEGF and MMPs in the progression of human 
GBMs. 



MATERIAL AND METHODS 

Patients 

We studied 20 GBMs diagnosed at the Laboratory of Neuropa- 
thology-CHU Liege between 1997 and 2001. The series included 
17 primary GBMs (lc., no previous history, of lower grade diffuse 
astrocytoma) and 3 secondary GBMs (Le. t previous history of 
lower grade diffuse astrocytoma). Clinical information on these 20 

cases have been reported previously as part of a larger series. 3 1 The boxy-terramethyfrhodaraine). We conducted BLASTn (National 
gender ratio was 1/1 , and the age at time of diagnosis ranged from Center for Biotechnology Information, Bethesda) searches against 
41-79 years (mean 56 years). Normal brain cortex and white dbEST and the non redundant set of GenBank, EMBL, and DDBJ 
matter were obtained from 5 patients with intractable epilepsy database sequences to confirm the total gene specificity of the 
treated by partial temporal lobectomy. Histological examination of nucleotide sequences chosen for the primers. The specificity of the 
these specimens showed severe hippocampal sclerosis; frozen lis- amplified PCR products was confirmed either by restriction digest 
sue was sampled from microscopically normal inferior temporal or by sequencing. The 18S ribosoma) RNA was measured using 
gyri. Our study was approved by the Ethical Committee of the the Pre-Developed TaqMan Assay Reagents Endogenous control 
Faculty of Medicine of the University of Liege. kit from Applied Biosystems (Foster City, C A). 





TABLE I 


-SEQUENCE OF PRIMERS AND TaqMan PROBES USED FOR RT-PCR STUDIES 






Gene and accession . 
number 


Position 


• Sequence 


Size 


Cycles 


MMP-2 FP 


1740F 


5'-AGATCTTCTTCTTCAAGGACCGGTT-3' 
5'.-GGCTGGTCAGTGGCTTGGGGTA-3' 


225 bp 


33 


MMP-2-RP 


1964R 






NM_0O453O 










MMP-9-FP 


1592F 


5'-GCGGAGATTGGGAACCAGCTGTA-3' 
5'-GACGCGCCTGTGTACACCCACA-3' 


208 bp 


37 


MMP-9-RP 


1B00R 






J05070 










MMP-14-FP ' 


1288F 


5'-GGATACCCAATGCCCATTGGCCA-3' 


221 bp 


32 . 


MMP-14-RP 


1508R 


5'-CCATTGGGCATCCAGAAGAGAGC-3 # 






NMJXM995 










T1MPI-FP 


: 78F 


5 '- CATCCTGTTGTTGCTGTG GCTG AT- 3 ' 


168 bp 


33 


TTMP1-RP 


245R 


5'-GTCATCiTGATCTCATAACGCTGG-3' 






M 12670 










T1MP-2-FP 


78F 


5 '- CTCGCTGCA CGTTCG AGGAA AG A A- 3 ' 


155 bp 


30 


TTMP-2- RP 


245R 


5'-AGCCCATCTGGTACCTCTGGTTCA-3' 






NM 003255 






479 bp 


33 


VEGF-FP 


1208F 


5'-CCTGGTGGACATCTTCCAGGAGTA-3' 
5'-CTCACCGCCTCGGCTTGTCACA-3' 


VEGF-RP 


1687R 


407 bp 




AH001553 






347 bp 
275 bp 




28S rRNA-RP 


12403F 


5'-GTTCACCCACTAATAGGGAACGTGA-3' 


212 bp 


: ] 9 


28S iRNA-RP 


12614R 


5' -G ATTCTG ACTTA G A G GCGTTCA GT- 3' 






U 13369 










VEGFR1-FP 


2438F 


5'-TCCCTTATGATGCCAGCAAGT-3' 


79 bp 


40 


VEGFRl-RP 


2516R 


5'-CCAAAAGCCCCTCTTCCAA-3' 






VEGFR1 Probe 


2469 


5'-CCGGGAGAGACTTAAACTGGGCAAATCA-3' 






AF063657 






180 bp 


40 


sVEGFRI-FP 


2209F 


5'-ACAATCAGAGGTGAGCACTGCAA-3' 
5'-TCCGAGCCTGAAAGTTAGCAA-3' 


sVEGFRl-RP 


2388R 






sVEGFRl Probe 


2257 


5 r -TCCAAATTTAAAAGCACAAGGAATGATTGTACCAC-3' 






U01J34 










VEGFR2-FP 


79JF 


5'-CTTCGAAGCATCAGCATAAGAAACT-3' 


156 bp 


40 


VEGFR2-RP 


946R 


5'-TGGTCATCAGCCCACTGGAT-3' 






VEGFR2 Probe 


820 


5'-AACCGAGACCTAAAAACCCAGTCTGGGAGT-3' 






AF063658 






40 


NRP1-FP 


I831F 


5'-CACAGTGGAACAGGTGATGACTTC-3' 


112 bp 


NRPJ-RP 


1942R 


5 , -AACCATATGTTGGAAACTCTGATTGT-3'. . 






NRP1 Probe 


J 883 


5*-CCACAGAAA AGCCCACGGTCATAGACA-3' 






XM 034725 











RNA extraction and cDNA synthesis 

Total RNA was extracted from cryosections with RNeasy Mini 
Kit (Q1AGEN GmbH, Hilden, Germany) according to the manu- 
facturer's protocol. Total RNA (1 |ig) was reverse transcribed with 
a ThermoScript reverse transcriptase (ThermoScript RT-PCR Sys- 
tem, Invitrogen, Carlsbad, CA) and random bexamers a* primers. 

Primers 

■ Primers pairs used in our study are described in Table L Primers 
for the VEGF gene were chosen to distinguish between YEGF )8?> 
VEGF 165> VEGF 143 and VEGF I21 mRNA isoforms. Intron-span- 
ning primers and probes for the TaqMan system (primers for 
VEGFR-1 (Fll-lX sVEGFR- 1 , VEGFR-2 (KDR/Flk-1) and NRP1 ) 
were designed to meet specific criteria by using Primer Express 
software (Perkin Elmer, Foster City, CA). All primers were syn- 
thesized by Eurogentec (Liege, Belgium). The 5'- and 3'-«nd 
nucleotides of the probe were labeled with a reporter (FAM. = 
6-carboxy-fluorescein) and a quencher dye (TAMRA — 6-car- 
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ter of the distribution. Normal brain (black spots) and 
spots) ra RNA levels are expressed as norTaS \li «S tertbS 

sents tne mean of 3 separate experiments. 

T1MP-2 mRNA and. VECF mRNA isoforms 

MT1-MMP, MMP-2, MMP-9, TIMP-2 and VEGF mRNA iso- 
forms (VEGF, VEGF 16} , VEGF„ 5 and VEGF m ) were me£ 
sued ,„ 10 ng aliquots of cDNA using Tag polymerase CTafaS 
Shiga, Japan) and 5 pmol of each primers (T^ble J). The ihema 
cychng conditions included 2 min a. 95»C for denamrationTnd 
w™? ' fcl f "°^? C *! 94 ° C 20 « a ' and 20 sec a. 
^r ( ^p C ° r , VEGF ,SOf0m>S) Wi,h 3 finaJ 2 "in a. 

. « n .?'°? UC ' S WEie ,eS0,Ved on 2% Nu »«e 3:1 agarose 
gels (BioWhmaker, Rockland, MD) and analyzed using a FWS 
Muhdmager (B,o-Rad Hercules, CA) ato etbidium bromide 
staining. Specific mRNA levels were expressed as .he ratio of 
^ific tran SOTp ,s/28S transcripts. Experiments were repeated a 
least 3 limes in dupjicaie. Y 

^NRPlZ a RNA he PCRf0r VEGFR '- ^EGFR.J. VEGFR-2 

ReaMime quantitative RT-PCR analyses for VEGFR I 
sVEGFR-l. VEGFR-2, NRP, mRNAs and I 185 rlS,A were c J.' 
ned out using ibe ABl PRISM 7700 Sequence Detection System 
mstromen. and software (PE Applied Biosystems). The sequences 
of the PCR pnmer pans and fluorogenic probes that were used for 
each gene are shown ,n Table I. A standatd curve was generared by 

50,000-80 ng and was run ,„ duplicate during every experiment 
For each expenmental sample, the amount of target gene was 
determined from lh,s standard curve. The relative expression level 
of the target gene was nomialized against I8S rRNA to compen- 



MUNAUT ETAL 

in u£, 'bS & ?* manufacmrer PE A PPl«" Biosystems 
' 2 >- ^ was car ™d oul with the TaaMan llni 

l (eqU,Valen J '° !° ng ,Wa ' ^ 20 ° «M of me^robT^d 
400 nM pnmas m a 25 »} final reaction mixture. After a 2 ri 
incubation at 50°C to allow for UNO cleavage, Araplttan Gold 
was activated by an incubation for lOmin a, 95'C Had, offio 
PCR cycles consisted of 15 sec of denaturation at 95°C and 
hybr,d.za.,on of probe and primers for 1 min at 60»C. 

akI°e«^T Pli ^ a ' i0 " s P ecifici, > r . PCR products were 
also examined by subsequent 2% agarose gel electrophoresis 
Experiments were repeated a. leas. 3 times in dupliclET 

Immunohisiochemisiry for VEGF and MTJ-MMP 

JhtSSST* 4 "? kk) W " e cm flom fonnalin-fixed. paraffin 
embedded tamour nssue. They were hydrated through graded 
alcohols and incubated in H 2 0 2 (03% 15 rain). Sections wre 
autoclaved for 1 1 mi„ at I26°C in citrate buffer p»K ^teen 
2 £^ ^^P..^"^)- F« double Lmu"n!n g 

rI7r ii i J (Oncogene Research Products, San Die-o 
CA) foUowed by peroxidase-conjuga.ed EnVision (DakoY ftW' 
K,™ 33'diaminobenzidire %5b£ 

VKF H50 ^anrr* 6 " * ^ Ab anti- 

vfcot- 1.150 (Santa Cniz, Santa Cruz, CA) for 1 hr a. ronm 

vffi'S vi l0Wed ^ a * al,ne P h -P" a --o„juga d^™ 
lis Red c1^m^r- n0reaC,,Vi,y ^ 0r VEGF Was 
w« lo ^rPf S ° b f a ' e (Dak0) " S!n 8 ,e '^nostaining 
was also earned out on serial sections using each primary antibody 
aJone w,m u,e corresponding e^yme-chromogene c^bTnation 
_ Neganve controls were obtained by omitting the priraar^ iS-' 

Gelatin zymography assay 

MMP-2 and MMP-9 activities were quantified by gelatin zy- 
mography on 2 normal brains and 1 8 GBMs. Ten cryoscctitras (?0 

w 5.' e ,i? m0g f nJ2ed in boffer < ai M Tris-HCl pH 8.1, 0.4% 
iruon X-100) and cenlrifuged for 20 min a. 5,000g. The pellets 
were discarded. 25 „ of ,o,al pro.ein from homogenate su£r£- 

Tri Hn H* X / d ^cIS fedUCing San, P ,e buffcr ' 62 -5 mM 
Mi P , H 6 \ 2% S ? S: 10% S 1 ^ 01 ; &»* bromopheno) 
eels tSD^ pIr^ ^ horesed . di '«'>y 0" '0% SDS-polyacrylamide 
gels (SDS-PAGE) containing 0.1% gelatin (w/v).« After electro- 

;" e f<>' J a. room tempemiure in a 2% 

H". X i" so i u, '°" IO ™»« S0S, tran^fened to a buffer 
III?? ,?? a -jV£ con,ainin g 10 mM CaCU and inco- 

w/v) Coomass.e bnllian. blue G250 in 45% (v/v) methanol/) 0% 
" (v/y) acenc acid and destained in 10% (v/v) acetic acid/20% (v/v) 

s"L 4T7 R S P W H? Wi ' h Qoan,i, y 0ne s ° ftw Ve (ver- 

sion 4.2.2, Bio-Rad Laboratones. Hercules, CA) after densi.ome.- 
nc scanning of the gels using a Fluor-S MuJlimager (BioRad). 

Western blot 

MT j .MMP protein levels were analyzed in 2 normal brams and 

buffer (0.25 M Tns (pH6.8), )0% SDS (w/v), 4% sucrose (v/v), 
llW P ^"P ,oc c tha r° 1 « v/v > 0. 125% bromophenol blue (w/v)] 
and bo.led for 5 rrun. They were separated on 10% SDS-PAGE 
gels and transferred to a PVDF filter (NEN, Boston. MA). After 
blockmg with 5% milk (w/v), 0.1% tween 20 (w/v) in PBS fox 2 
,nt?L r H 0r ?,n m ^' a ! UrC ; me " )bra "« w « e exposed to the primary 
Ptoducs, San D^go, CA) at 4X overnight followed by incubation 
hn lv n ^r" 3 , , h P e [ 0X,d ^-^njugated rabbit anti^mouse anli- 
body (j.3 p.g /mJ DakCf Glostrup, Denmark). Signals were de- 
n ' d 7* an J Cnha , nCCd Che ^luminescence (ECL) kit (NEN.. 
Boston, MA) The relanve mtensities of the immunoreactive bands 
were analyzed with Quantity One software (version 4 9 2 Bio-Rad 
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Figure 2 - MMPs and T1MP-2 mRNA quantifica- 
tioD. (a) Representative 2% agarose gels of RT-PCR 
products for MT1-MMP, MMP-2, T1MP-2 and 
MMP-9 in 2 normal brains (NB) and 10 GBMs. (b) 
Scatter plots (as described in Fig. 1). Experiment was 
repeated at least 3 times in duplicate. 
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Laboratories) after densitometric scanning of the X-ray films using 
a Fluor-S Multimager (Bip-Rad). 

Statistics 

VEGF, . VEGFRs, MMPs and TIMP-2 expression values in 
GBMs were correlated using Spearman's test. Correlation was 
considered significant for 2-tailed p-value < 0.05. Statistical anal- 
ysis was carried out using I be Prism 3.0 software (GraphPad, San 

Diego, CA). 

RESULTS 

Expression of VEGF and VEGF receptors 

VEGF mRNA was present in normal brains (295-375, arbitrary 
units; mean = 322) and in all GBM samples (217-5,1 12; mean = 
1/774) as reported previously (Fig. I). 3 ' In most GBMs, VEGF 
mRNA levels were raised 2- 15- fold above normal brain values. 
The most abundant isoform in all cases was VEGF, 65 , followed by 
VEGF,,,, VEGF 189 and VEGF M5 (data not shown). VEGFR-1 
expression was found at similar levels in GBMs (89-357: mean = 
182) and normal controls (154-198; mean = 181). There was no 
correlation between VEGFR-1 and VEGF mRNA levels (p = 
0.35) in GBMs. VEGFR-2 was expressed in all GBMs (48-582; 



mean = 210) and in 8/20 cases at least twice normal values 
(87^11 1; mean = 103). VEGF and VEGFR-2 expressions were 
correlated significantly (p = 0.0035) in GBMs. NRP1 expression 
varied broadly between GBMs (75-3,260; mean = 1,061) con- 
trasting with a constant baseline expression in normal controls 
(383-397; mean = 390). In rumours, NRP1 correlated with 
VEGFR-2 0? = 0.0119) but not with VEGF (p = 0:084), nor 
VEGFR-1 (p = 0.066). sVEGFR-I was expressed at low levels 
both in normal brains (84-92; mean = 87) and GBMs (25-208; 
mean = 101). sVEGFR-1, however, was found to correlate with 
VEGFR- 1 (p = 0.0289), VEGFR-2 {p = 0.0029), and NRP1 ip - 
0.0027) but not with VEGF (p = 0.053). 

Expression of MMPs and TIMP-2 

MT1-MMP, MMP-2 and MMP-9 were expressed in both nor- 
mal brains and GBMs but at much higher levels in the latter (Fig. 
2a). MT1-MMP mRNA levels were constantly higher in GBMs 
(34-202; mean = 106) than in normal controls (3-29; mean - 
15). MMP-2 and MMP-9 mRNA levels were higher than controls 
in 1 8/20 and 1 4/20 cases respectively (Fig. 2b) and correlated with 
each other (p = 0.0187). MT1 -MM P. mRNA levels correlated with 
MMP-2 (p = 0.0008) and MMP-9 (p = 0.005). TIMP-2 had a 
non-discriminative distribution in relation to the controls. TIMP-2 
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Figure 3 - Zymographic analysis of MMP-2 anrf mmp o ;« ^ 
extracts either from normal brain (N) or CTMs7gkm£J- , DSSUC 
ditioned by human HTiORO - . (GB) ' Med,Ui n con- 

TABLE °-^MS^w^ B ^ T gggp^ , _ 



MTI-MMP 



MMP.2 



MMP-9. 



VEGF 

VEGFR-1 

VEGFR-2 

NRPJ 

sVEGFR-1 



TJMP-2 



0.0250 
0.0073 
<0.0001 
0.0053 
0.0313 



Gclaiia zymognphy 



0.0245 

0.0710 
0.0168 
0.1334 
0.0469 



. 0.0053 
<0.0001 
0.0004 
0.2457 
0.0194 



0.0094 
0.4542 
0.0153 
0.5480 

0.2563 





proMMP-9 


MMP9 


Nl 


0.41 


0.00 


N2- 


0.28 


0.00 


GB1 


9.00 


1.25 


GB2 


4.28 


0.00 


GB3. 


1.67 


0.00 


GB4 


1.40 


0.00 


GB5 


0.47 


0.00 


GB7 


5.29 


0.00 


GB8 


5.75 


3.78 


GB9 


5:02 


0.00 


GBI2 


5.08 


0.00 


GB13 


6.86 


4.58 


GB14 


5.59 


6.75 


GBI5 


8.00 


0.00 


GB16 


5.55 


1.10 


GB17 


6.61 


2.04 


GB18 


14.79 


4.34 


GB20 


18.85 


0.00 


GB21 


16.52 


0.00 


GB22 


20.66 » 


o.oo 



proMMP-2 MMP-2 



. Wwtera bloi 
MTI-MMP 



1.52 

0.83 

2.45 

2.88 

2.86 

4.33 

1.15 

1-12 

4.63 

4.09 

4.79 

4.93 

5.53 

5.13 

5.66 

6.00 

8.20 

2.12 

2.37 

5.11 



'Extracts expressed as arbitrary units N 
blasioma; ND, not determined. 



0.00 
0.00 
0.35 
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0.03 
0.00 
0.00 
0.65 
0.00 
0.20 
0.48 
0.76 
0.00 
0.00 
0.00 
0.40 
0.00 
0.00 
,000 



0.44 
0.47 
1.58 
0.47 
0 
0 

ND 
0 

0.55 
0.45 
3.18 
1.55 
0.94 
ND 
2.50 
0. 

1.97 
0 

ND 

0.86 



^tio^^ 



was correlated with MTI-MMP (p = 0 0019) and mmp o , 
0.0002) but do. with MMP-9 [p = 0.1408) = 

IZ'-MMP.^"" MTl mP >»°" i » °»« «*w*l MMP-2 

By gelatin zymography, pro-MMP-2 and pro-MMP-9 were d, 
ec.ed m .he 18 GBMs and 2 consols examined < F* 3 Ta b e m 
Jn mos. GBMs, levels of ihese inactive fonns 
norma) brains and were conelaied wi.hlhl- han 
levels (MMP2 :p < 0. wSp o ?i n 0 . IT'''^ mRN A 
MMP-2 and MMP-9 were noX,^™ £Tg 

MT, My"' T (MMP - 2) and 7/18 (MMP-9) GBMs' 
MTI-MMP protein levels were quantified bv W«i,„k . • 
GBMs and 2 norma, brains <Fig\ At g. X^;^ 



served between VEGFR-2 and MMPs. InlereshS et 

XT VEGF^tf W!th ^ ^ VEGFR 2 bU ' « 

Immiiwhistochemistryfor VEGF and MTI-MMP 

ihe^l!fT nWeaCli T i,y WaS shown in 1,01,1 "™o m »»<" «>do- 
^jK* -POr.ed (Fig. 5o ^).3. By single immo. 
noslaimng. MTI-MMP was delected in glioblastoma cells as a 
normal brain; GB, glio- J^ZT^Tl^'V^ ^MTI-MMP positiviry was 
also seen in endolhebal cells and perivascular cells (R. 5c) Bv 

andMTl-MMP m the cytoplasm of numerous tumour cells (Fig. 



DISCUSSION 

GBMs are highly malignant tumours with poor prognosis They 
show major renovascular proliferation and express high levels of 
nr„ " 3 S "° ng mil °S e ° to endothelial cells thereby 

promonng ang.ogenesis. Previous reports"-?- have suggested that 

Z ! Um ° Ur ce " iDVasioD - ""8™™ 2nd survival 

.n mahgnan. ep.thehal cells ihrough an autocrine loop by which 

subs r eZT°" ^ fi MMPS indUCeS VEGF a " d .o 

subsequcnl amphficauon of cell proliferation and protection 

melanoma and breast carcnoma cells. MTI-MMP upregulates 
VEGF expression whereas TJMP-2 reduces ii .=».».» Therefore the 
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Figure 5 - lmrounohislochemis- 
try (scale bar = 50 ujnX (o^) VEGF 
positive tumour and endothelial cells 
(plain arrows) show granular red 
staining of the cytoplasm. Negative 
cells (empty arrow) are seen in their 
close vicinity, (c) MT1-MMP posi- 
tive cells show a strong brown cyto- 
plasmic staining. They include tu- 
mours cells (plain arrow) and 
endothelial cells (empty arrow), (d) 
MT1-MMP positive tumour cells 
(plain arrow) arc mixed with nega- 
tive cells (empty arrow), (ej) Double 
staining with VEGF (red) and MTI- 
MMP1 (brown). Double positive tu- 
mour cells (plain arrows) contrast 
with negative or single weakly pos- 
itive cell (empty arrow). 



pericellular proteolysis mediated by MTJ-MMP in GBMs could 
also induce an autocrine loop resulting in enhanced VEGF expres- 
sion. In rum, VEGF could act as a paracrine factor on endothelial 
cells to stimulate angiogenesis. or possibly as an autocrine factor 
promoting glioblastoma cells survival-migration and invasion as 
demonstrated recently in the various tumour cell culture models. 

We compared the expression of VEGF and its receptors with 
MT1-MMP, MMP-2 and MMP-9 in 20 GBMS and 5 normal brains. 
The expression of these MMPs was markedly increased in most 
GBMs with excellent correlation between mRNA and protein levels. 
MT1-MMP expression has been shown previously to correlate with 
glioma aggressiveness and its transfection in different tumour cell 
lines triggers an angiogenic phenotype and promotes rumour 
growth. 20 - 28 - 30 - 360 .* A majority of GBMs ( 17/20) also expressed high 
levels of VEGF, as previously reported, with a strong correlation 
between VEGF and MT1-MMP gene expression levels. Double in> 
munostaining studies showed co-expression of VEGF and MT1- 
MMP by the same tumour cells. These data suggest that the transcrip- 




tional control of VEGF by MT1-MMP could be operative Dot only in 
virro but also in vivo in human GBMs. 

MT1-MMP could also promote the growth of GBMs by its 
ability to activate MMP-2 in the presence of low concentration of 
TJMP-2/ 0 Pro-MMP-2 activation occurs after the formation of a 
ternary complex that contains pro-MMP-2 linked to cell surface 
MT1-MMP via a T1MP-2 bridge. In accordance with this hypoth- 
esis, we found that MMP-2 activation occurred in 8/18 of our 
GBMs 20 * 41 among which 7/7 tested for MT1-MMP showed high 
contents of this protease. 

Activated MMP-9 was also found in 7/18 of our GBMs. This is 
an interesting finding as active MMP-9 is able to mobilize VEGF 
from its ECM reservoir. 39 Therefore, MMPs could promote 
VEGF-mediated angiogenesis in GBMs by both transcriptional 
(MT1-MMP) and post translational (MMP-9) mechanisms. 

VEGF binding to VEGFR-2 triggers the proliferation and mi- 
gration of endothelial cells whereas its binding to VEGFR- 1 has 
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opposite effects on glioblastoma cell lines. " « ]„ our study VEGF 
™^ k ^ W£re correla " : < 1 w«h VEGFR-2 but not VEGI* I 
NRPI and sVEGFR-1. Collectively our data suggest that GBMs 

*3 ?VF^ ,fiC "? COmpleX Panem 0f VEGFlceptors, uTs- 
ducmg VEGF signaling toward cell proliferation and migration 

In conclusion, our study adds.to the evidence for an interolav 
baw«„ metaUoproteinases and VEGF in human GBMs as 3 
S^Si" 1 «l«in>ental tumours. Because of its dual Sty 
to activate MMP-2 and to up-regulate VEGF, MTl-MMP mje h , be of 
anual ,mportan« ,n the growth of human glioblastomas^ ^ete- 
sent an interesting target for anti-cancer treatments. ^ 
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Real-time quantitative RT-PCR of cyclia D 1 mRNA ia mantle cell 
lymphoma: comparison with FISH and immnnohistochemistry. 

BHi|,^ weJG, CrouchJ, .Nimmakayalu M, Qumsjyeh IVfR TsHjnig 

^S^^^i'"^ Ya ' e UniVCrSity Sch0 ° l ° f Medicine . 333 Cedar 
i>treet, P.O. Box 208035, New Haven, CT 06520-8035, USA. 

Presence of the balanced translocation t(l I ; I4)(q 1 3;q32) and the consequent 
overexpress.on of cyclin Dl found in mantle cell lymphoma (MCL) has been shown to be 
of .mportant d.agnosttc value. Although many mo.ecu.ar and^uListochemS 

^ t0 anal >^ e Dl status, correlative studies to compare 

different methods for the diagnosis of MCL are lacking. In this study, we examined 3 9 
archived paraffin specimens from patients diagnosed with a variety of 
lymphoprohferative diseases including nine cases meting morphologic and 

STm TmT C Criteria f0 ^ CL by: 0) real - time ^titative RT-PCR to evaluate 
eye m D 1 mRNA expression; (2) dual fluorescence in situ hybridization (FISH) to 
evaluate the t(l 1;14) translocation in interphase nuclei; and (3) tissue array 
lnuriunohis to chemistry to evaluate the cyclin Dl protein level. Among the nine cases of 
P n° It S S T" 03863 Sh ° Wed expression of cyclin Dl mRNA (cycling 
SIS ^ *? 03865 8h0WCd n ° °y dia Dl ^ A (cyclin Dl negative 

MCL-l,ke ). In six of seven cyclin Dl positive cases, the t(l 1;14) translocation was 

cyXm^RNA iv " C3Se FISH W3S ~ SSfiL Six of * e -en 

cyclin Dl mRNA overexpressmg cases showed increased cyclin Dl protein on tissue 

array • immunobstochemistry; one was technically suboptimal. Among the two cyclto Dl 
ST a n" t C3SeS ' l lSE ^ absence ^ the t(l l; 14) ttanslocatS to 
cvH • n?" rma ,ym P h °P roliferative ^^ses studied were found to have low or no 
cyclm Dl mRNA expressron and were easily distinguishable from the cyclin Dl 
overexpressmg MCLs by all three techniques. In addition, to confining the need to 
assess cyclin Dl status, as well as, morphology and immunophenotyping to establish the 
diagnosis of MCL, this study demonstrates good cocrelation and comparability between 
measure of cyclm Dl mRNA, the 1 1 ;14 translocation and cyclin Dl protein 



Publication Types: 

* Evaluation Studies 



PMID: 12952233 [PubMed - indexed for MEDLINE] 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 



Defects/in the images include but are not limited to the items checked: 



U BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 






LINES OR MARKS ON ORIGINAL DOCUMENT 



